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Fina l  Report 

IRAS Guest I n v e s t i g a t o r  Program 

"Fa r  I n f r a r e d  Observa t ions  of Crab-Like Supernova Remnants" 

Abs t r a c t  

Using t h e  IRAS d a t a  base ,  we have begun an i n v e s t i g a t i o n  of t h e  f a r  

i n f r a r e d  p r o p e r t i e s  of Crab-like supernova remnants and o t h e r  synchro- 

t r o n  nebulae.  We have examined bo th  t h e  co-added scanning  d a t a  and, 

where a v a i l a b l e ,  po in ted  obse rva t ions .  To d a t e  w e  have found i n f r a r e d  

emis s ion  from two Crab-like remnants: G24.7+0.6 i n  which t h e  i n f r a r e d  

s o u r c e  n e a r  t h e  c e n t e r  of the o b j e c t  has been shown t o  be a compact HI1 

r e g i o n  w i t h  EM 2 10 and G0.9+0.1 where a marg ina l  d e t e c t i o n  of 

a 2 5 ~  source  c o i n c i d e n t  w i t h  t h e  remnant c o r e  has  been used t o  se t  

l i m i t s  on t h e  e n e r g e t i c s  of t h i s  synchro t ron  nebula .  F u r t h e r  work, i n  

p r o g r e s s  under a second y e a r  of t h i s  program, should y i e l d  a d d i t i o n a l  

i n f o r m a t i o n  concern ing  t h e  d i s t r i b u t i o n  of i n i t i a l  p u l s a r  s p i n  pe r iods  

and t h e  e v o l u t i o n  of synchro t ron  nebulae.  
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Under t h e  I U S  Guest I n v e s t i g a t o r  program, w e  have begun a compre- 

h e n s i v e  s t u d y  of t h e  f a r - i n f r a r e d  p r o p e r t i e s  of Crab-l ike supernova r e m -  

n a n t s  and o t h e r  pu lsar -dr iven  synchro t ron  nebulae.  The two p u b l i c a t i o n s  

r e p o r t i n g  ou r  f i r s t  r e s u l t s  are a t t ached .  A p r e l i m i n a r y  examinat ion  of 

a l l  coadded scanning  d a t a  h a s  been completed f o r  t h e  two dozen s o u r c e s  

l i s t e d  i n  t h e  o r i g i n a l  proposa l ,  and one o r  two a d d i t i o n a l  d e t e c t i o n s  

appea r  l i k e l y .  However, s i n c e  many of t h e  t a r g e t s  were inc luded  i n  t h e  

po in ted  o b s e r v a t i o n s  program, we h e l d  o f f  on a d e t a i l e d  a n a l y s e s  of 

these u n t i l  t h e  more s e n s i t i v e  poin ted  d a t a  became a v a i l a b l e .  We have 

now ob ta ined  FITS format  t a p e s  of t h e  r e l e v a n t  po in t ed  d a t a  and are i n  

the p r o c e s s  of ana lyz ing  t h e s e  under a second y e a r  of our  program funded 

under  t h e  1986 round of Guest Observer approvals .  Many new r e s u l t s  are 

expec ted  t o  be pub l i shed  du r ing  t h e  coming yea r .  

The r e s u l t s  d e s c r i b e d  i n  t h e  a t t a c h e d  p r e p r i n t s  are exemplary of 

t h e  t y p e  of i n fo rma t ion  on supernova remnants t h a t  can  be de r ived  from 

I U S  d a t a .  For G24.7+0.6 (Becker and Helfand 1986) t h e  i n f r a r e d  i n f o r -  

ma t ion  a l lowed u s  t o  i d e n t i f y  t h e  i n v e r t e d  spectrum compact r a d i o  sou rce  

a d j a c e n t  t o  t h e  c e n t e r  o f  t h i s  Crab-like remnant as a n  u l t r a  compact HI1 

r e g i o n  w i t h  a c a l c u l a t e d  emission measure i n  excess of lo7  pc cm+. 

S e v e r a l  o t h e r  n e a r l y  HI1 reg ions  a re  a l s o  appa ren t  i n  bo th  t h e  r a d i o  and 

i n f r a r e d  images. T h i s  i s  t h e  second r e c e n t l y  d i scove red  i n s t a n c e  of 
1 

c o i n c i d e n t  Crab-like remnants and compact HI1 r e g i o n s  (Becker and 

Hel fand  1985),  s t r e n g t h e n i n g  t h e  a s s o c i a t i o n  of t h e  p r o g e n i t o r s  of such  

remnants  w i t h  young massive stars, as w e l l  as h i g h l i g h t i n g  t h e  d i f f i -  

c u l t y  of  d i s t i n g u i s h i n g  nonthermal and thermal r a d i o  emiss ion  i n  r e g i o n s  

of a c t i v e  s tar  formation.  
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I n  ou r  second paper  r e s u l t i n g  from t h i s  p r o j e c t  (Helfand and Becker 

1986) ,  w e  have claimed a margina l  d e t e c t i o n  of t h e  Crab-l ike c o r e  of t h e  

composi te  remnant G0.9+0.1 a t  25 p .  Using t h i s  f l u x  ( o r  more conserva-  

t i v e l y ,  t a k i n g  a somewhat h igher  f l u x  as an upper  l i m i t  t o  t h e  f a r  

i n f r a r e d  emiss ion)  a long  w i t h  the  r a d i o  and X-ray d a t a  a v a i l a b l e ,  we can  

s e t  s t r o n g  c o n s t r a i n t s  on t h e  e n e r g e t i c s  of t h i s  radio-luminous synchro- 

t r o n  nebula .  I n  p a r t i c u l a r ,  w e  f i n d  nebu la r  magnet ic  f i e l d  s t r e n g t h s  of 

0.5 t o  1 . 5 ~ 1 0 - ~  G ( a  f a c t o r  of 3-10 lower t h a n  f o r  t h e  Crab Nebula) and 

a t o t a l  energy c o n t e n t  i n  p a r t i c l e s  and f i e l d  of a few x e r g s ,  

imply ing  an  i n i t i a l  p u l s a r  s p i n  p e r i o d  of 5 10 msec. The e x t e n s i o n  of 

r e s u l t s  such  as t h e s e  t o  o t h e r  synchro t ron  nebulae  i n  t h e  coming yea r  

w i l l  p rov ide  impor tan t  new informat ion  on t h e  d i s t r i b u t i o n  of i n i t i a l  

p u l s a r  p e r i o d s  and on t h e  evo lu t ion  of Crab-l ike supernova remnants.  
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